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DISPLAY SUBSTRATE AND PREPARATION
METHOD THEREOELE, AND DISPLAY
APPARATUS

TECHNICAL FIELD

The present disclosure relates to, but 1s not limited to, the
field of display technology, 1n particular to a display sub-
strate and method for preparing the display substrate, and a
display apparatus.

BACKGROUND

Gate driver on array (GOA) technology integrates a gate
driver on an array substrate to form scanning drive for panel,
which improves the integration of display panel and reduces
the utilization rate of integrated circuit (IC) driven by a gate
clectrode, and thus 1s widely used. However, due to the high
density of metal 1n the GOA circuit, 1t 1s easy to accumulate
a large amount of electric charges, causing detect of electro-
static discharge (ESD), which easily leads to electro-static
penetration of the GOA unit and short circuit of the GOA
unit. This undermines the proper functioning of the GOA,
and reduces the product yield of the GOA circuit.

SUMMARY

The following 1s a summary of subject matter described in
detail herein. This summary 1s not mtended to limit the
protection scope of the claims.

Embodiments of the present disclosure provide a display
substrate, a method for preparing the display substrate, and
a display apparatus.

In one aspect, the present disclosure provides a display
substrate 1ncluding a substrate, wherein the substrate
includes a display region and a peripheral region located at
the periphery of the display region. The peripheral region 1s
provided with a gate driver on array (GOA) circuit, a first
common e¢lectrode lead, a first capacitor and at least one first
clectro-static discharge (ESD) unit. The GOA circuit
includes a plurality of GOA umits and STV signal lines
clectrically connected to at least one GOA unit; the first
common electrode lead 1s connected to the STV signal line
through the at least one first ESD umt. A first capacitor
clectrode of the first capacitor 1s connected to the STV signal
line, and a second capacitor electrode of the first capacitor
1s connected to the first common electrode lead.

In some exemplary embodiments, the peripheral region 1s
turther provided with a second common electrode lead,
which 1s 1n the same layer structure as the STV signal line,
the first common electrode lead 1s located on a side of the
second common electrode lead away from the substrate, and
the first common electrode lead 1s electrically connected to
the second common electrode lead.

In some exemplary embodiments, the peripheral region 1s
turther provided with a ground lead and a second ESD unit,
and the second common electrode lead 1s connected to the
ground lead through the second ESD umnit.

In some exemplary embodiments, the {irst capacitor elec-
trode of the first capacitor and the STV signal line have an
integral structure.

In some exemplary embodiments, the second capacitor
clectrode of the first capacitor 1s S-shaped.

In some exemplary embodiments, the first common elec-
trode lead and the pixel electrode of the display region are
of the same layer structure.
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In some exemplary embodiments, the STV signal line
includes a first part, a second part and a switching unit
connected between the first part and the second part. The
switching unit includes a first switching electrode, a second
switching electrode and a third switching electrode; the
second switching electrode connects the first switching
clectrode and the first part, and the third switching electrode
connects the first switching electrode and the second part.
The first part and the second part are of the same layer
structure, and the second switching electrode and the third
switching electrode are of the same layer structure; the first
switching electrode 1s located on a side of the first and
second parts away from the substrate, and the second and
third switching electrodes are located on a side of the first
switching electrode away from the substrate.

In some exemplary embodiments, the second switching
clectrode and the third switching electrode are of the same
layer structure as the pixel electrode of the display region.

In some exemplary embodiments, a first part of the STV
signal line 1s connected to a first capacitor electrode of the
first capacitor, and a second part of the STV signal line 1s
connected to the at least one GOA unait; or, the second part
of the STV signal line 1s connected to the first capacitor
clectrode of the first capacitor and the at least one GOA unat.

In some exemplary embodiments, the first ESD unit
includes a base electrode layer disposed on a substrate, a first
insulator layer covering the base electrode layer, an bonding
clectrode layer disposed on the first insulator layer, a second
insulator layer covering the bonding electrode layer, and a
connection electrode layer disposed on the second 1nsulator
layer. The basic electrode layer includes a first basic elec-
trode, a second basic electrode and a third basic electrode
which are disposed on the substrate. The bonding electrode
layer includes a first bonding electrode, a second bonding
clectrode, a third bonding electrode and a fourth bonding
clectrode which are disposed on the first insulator layer. The
connection electrode layer includes a first connection elec-
trode, a second connection electrode, a third connection
clectrode and a fourth connection electrode which are dis-
posed on the second insulator layer. The first connection
clectrode 1s connected to the first base electrode and first
bonding electrode, the second connection electrode 1s con-
nected to the second base electrode and second bonding
electrode, the third connection electrode 1s connected to the
second base electrode and the third bonding electrode, and
the fourth connection electrode 1s connected to the third base
clectrode and fourth bonding electrode. A first semiconduc-
tor region 1s disposed between the first bonding electrode
and the second bonding electrode, and a second semicon-
ductor region 1s disposed between the third bonding elec-
trode and the fourth bonding electrode. The first connection
clectrode 1s connected to the first common electrode lead or
the STV signal line, and the fourth connection electrodes of
two adjacent first ESD units are connected through ESD
connection lines.

In another aspect, an embodiment of the present disclo-
sure provides a display apparatus, which includes the dis-
play substrate described above.

In another aspect, an embodiment of the disclosure pro-
vides a method for preparing a display substrate, which
includes the following steps: forming a GOA circuit, a {irst
common electrode lead, a first capacitor and at least one first
ESD unit in the peripheral region of the substrate. The GOA
circuit includes a plurality of GOA units and STV signal
lines electrically connected to at least one GOA unit; the first
common electrode lead 1s connected to the STV signal line
through the at least one first ESD umt. A first capacitor
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clectrode of the first capacitor 1s connected to the STV signal
line, and a second capacitor electrode of the first capacitor
1s connected to the first common electrode lead.

In some exemplary embodiments, the forming of the
GOA circuit, the first common electrode lead, the first
capacitor and at least one ESD unit 1n the peripheral region
of the substrate includes: forming a first insulator layer in the
peripheral region of the substrate; sequentially forming a
first msulator layer, a semiconductor layer and a second
conductive layer on a side of the first conductive layer away
from the substrate; sequentially forming a second 1nsulator
layer and a third conductive layer on a side of the second
conductive layer away from the substrate. The first conduc-
tive layer at least includes an STV signal line, a first
capacitor electrode of a first capacitor, a gate electrode of a
transistor of an GOA circuit, and a basic electrode layer of
a first ESD unait; the base electrode layer at least includes a
first base electrode, a second base electrode and a third base
clectrode; The semiconductor layer at least includes an
active layer of a transistor of a GOA circuit, a first semi-
conductor region and a second semiconductor region of a
first ESD unit; the second conductive layer at least includes:
a source-drain electrode of the transistors of the GIA circuit,
and a bonding electrode layer of the first ESD unit; and the
connection electrode layer at least includes a first bonding
clectrode, a second bonding eclectrode, a third bonding
clectrode and a fourth bonding electrode. The third conduc-
tive layer at least includes a first common electrode lead, a
second capacitor electrode of a first capacitor and a connec-
tion electrode layer of a first ESD unit; and the connection
clectrode layer at least includes a first connection electrode,
a second connection electrode, a third connection electrode
and a fourth connection electrode. The first connection
clectrode 1s connected to the first base electrode and first
bonding electrode, the second connection electrode 1s con-
nected to the second base electrode and second bonding
electrode, the third connection electrode 1s connected to the
second base electrode and the third bonding electrode, and
the fourth connection electrode 1s connected to the third base
clectrode and fourth bonding electrode; A first semiconduc-
tor region 1s disposed between the first bonding electrode
and the second bonding electrode, and a second semicon-
ductor region 1s disposed between the third bonding elec-
trode and the fourth bonding electrode.

Other aspects will be understood after the drawings and
the detailed description are read and understood.

BRIEF DESCRIPTION OF DRAWINGS

Accompanying drawings are used to provide a further
understanding of techmical solutions of the present disclo-
sure and constitute a part of the specification to explain the
technical solutions of the present disclosure together with
embodiments of the present disclosure, and do not constitute
any limitation on the technical solutions of the present
disclosure. Shapes and sizes of one or more components 1n
the accompanying drawings do not retlect real scales, and
are only for a purpose of schematically illustrating contents
of the present disclosure.

FIG. 1 1s a schematic diagram of a display substrate
according to at least one embodiment of the present disclo-
Sure;

FIG. 2 1s an enlarged schematic diagram of the region S1
in FIG. 1;

FIG. 3 1s a schematic sectional view along a I-I direction

in FIG. 2;
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FIG. 4 1s an enlarged schematic diagram of a switching
unit 1n FIG. 2;

FIG. 5 1s a schematic sectional view along a II-1I direction
in FIG. 4;

FIG. 6 1s a schematic diagram of the structure of a
plurality of first ESD units in FIG. 2;

FIG. 7 1s a schematic cross-sectional view of a first ESD
unit 1n FIG. 6;

FIG. 8 1s a schematic sectional view along an III-III
direction 1n FIG. 7;

FIG. 9 1s an enlarged schematic diagram of the region S2
in FIG. 1; and

FIG. 10 1s a schematic diagram of a display apparatus
according to at least one embodiment of the present disclo-
sure.

DETAILED DESCRIPTION

To make the objects, technical solutions and advantages
of the present disclosure more clear, embodiments of the
present disclosure will be described 1n detail below with
reference to the drawings. The embodiments may be imple-
mented 1n a number of different forms. Those of ordinary
skills 1n the art will readily understand the fact that imple-
mentations and contents may be transformed into one or
more of forms without departing from the spirit and scope of
the present disclosure. Therefore, the present disclosure
should not be construed as being limited only to what 1s
described 1n the following embodiments. The embodiments
and features in the embodiments 1n the present disclosure
may be combined randomly if there 1s no contlict.

In the drawings, size of one or more constituent elements,
or thickness or area of a layer, 1s sometimes exaggerated for
clanty. Therefore, an embodiment of the present disclosure
1s not necessarily limited to the size, and shapes and dimen-
sions of a plurality of components 1n the drawings do not
reflect real scales. In addition, the drawings schematically
show 1deal examples, and an implementation of the present
disclosure 1s not limited to the shapes or values shown 1n the
drawings.

The “first”, “second”, “third” and other ordinal numbers
in the present disclosure are used to avoid confusion of
constituent elements, not to provide any quantitative limi-
tation. In the description of the present disclosure, “a plu-
rality of” means two or more counts.

In the present disclosure, for the sake of convenience,
wordings such as “central”, “upper”, “lower”, “front”,
“rear”, “vertical”, “horizontal”, “top”, “bottom™, “inner”,

rear
“outer” and the others describing the orientations or posi-
tional relations are used to depict relations of elements with
reference to the drawings, which are only for an easy and
simplified description of the present disclosure, rather than
for indicating or implying that the device or element referred
to must have a specific orientation, or must be constructed
and operated 1n a particular orientation and therefore, those
wordings cannot be construed as limitations on the present
disclosure. The positional relations of the constituent ele-
ments may be appropriately changed according to the direc-
tion 1n which constituent elements are described. Therefore,
the wordings are not limited in the specification, and may be
replaced approprately according to situations.

In the present disclosure, the terms “installed”, *“con-
nected” and “coupled” shall be understood in their broadest
sense unless otherwise explicitly specified and defined. For
example, a connection may be a fixed connection, or a
detachable connection, or an itegrated connection; 1t may
be a mechanical connection, or an electrical connection; 1t
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may be a direct connection, or an indirect connection
through middleware, or an internal connection between two
clements. Those of ordinary skills 1n the art can understand
the specific meanings of the above terms in the present
disclosure according to situations.

In the present disclosure, a transistor refers to an element
including at least three terminals, namely, a gate electrode,
a drain electrode and a source electrode. The transistor has
a channel region between the drain electrode (a drain elec-
trode terminal, a drain region or a drain electrode) and the
source electrode (a source electrode terminal, a source
region or a source ¢lectrode), and current can tlow through
the drain electrode, the channel region and the source
clectrode. In the present disclosure, the channel region refers
to a region through which the current mainly flows.

In the present disclosure, a first electrode may be a drain
clectrode while a second electrode may be a source elec-
trode, or a first electrode may be a source electrode while a
second electrode may be a drain electrode. Functions of the
“source electrode” and the “drain electrode” are sometimes
interchangeable 1n a case where transistors with opposite
polarities are used or 1 a case where the current direction
changes during circuit operation. Therefore, 1n the present
disclosure, “the source electrode” and “the drain electrode”
are interchangeable.

In the present disclosure, “an electrical connection™
includes a case where constituent elements are connected via
an element having a certain electrical action. The “element
with a certain electric action™ 1s not particularly limited as
long as 1t can transmit and receive electrical signals between
the connected constituent elements. Examples of the “cle-
ment having a certain electrical action” not only include
clectrodes and wirings, but also include switching elements
such as transistors, resistors, inductors, capacitors, and other
clements with one or more functions.

In the present disclosure, “parallel” refers to a state in
which an angle formed by two straight lines 1s above -10
degrees and below 10 degrees, and thus may include a state
in which the angle 1s above -5 degrees and below 5 degrees.
In addition, “perpendicular” refers to a state in which an
angle formed by two straight lines 1s above 80 degrees and
below 100 degrees, and thus may include a state in which the
angle 1s above 85 degrees and below 95 degrees.

In the present disclosure, “film™ and “layer” are inter-
changeable. For example, sometimes “conductive layer”
may be replaced by “conductive film”. Similarly, “insulator
f1lm” may sometimes be replaced by “insulator layer”.

At least one embodiment of the present disclosure pro-
vides a display substrate, including a substrate. The substrate
includes a display region and a peripheral region located at
the periphery of the display region. A GOA circuit, a first
common electrode lead, a first capacitor and at least one first
ESD unit are provided in the peripheral region. The GOA
circuit includes a plurality of GOA units and start vertical
(STV) signal lines electrically connected to at least one
GOA unit. The first common electrode lead 1s connected to
the STV signal line through at least one first ESD unit. A first
capacitor electrode of the first capacitor 1s connected to the
STV signal line, and a second capacitor electrode of the first
capacitor 1s connected to the first common electrode lead.

In the display substrate provided by the embodiment of
the disclosure, the first capacitor 1s configured to be con-
nected to the STV signal line and the first common electrode
lead, so that when a large amount of static electricity enters
from the outside through the STV signal line, the first
capacitor can guide a large amount of charge, lead the static
clectricity out through the first common electrode lead, and
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reduce the short circuit of the GOA unit caused by ESD,
thereby 1improving the product yield of the GOA circuit.
Furthermore, the first common electrode lead and the STV
signal line can also achieve electro-static discharge through
the first ESD unat.

In some exemplary embodiments, the peripheral region 1s
turther provided with a second common electrode lead,
which 1s 1n the same layer structure as the STV signal line,
the first common electrode lead 1s located on a side of the
second common electrode lead away from the substrate, and
the first common electrode lead 1s electrically connected to
the second common electrode lead.

In some exemplary embodiments, the peripheral region 1s
turther provided with a ground lead (GND) and a second
ESD unit. And the second common electrode lead 1s con-
nected to the ground lead through the second ESD unit. In
the present exemplary embodiment, static electricity on the
STV signal line may be discharged through the second ESD
unit and the ground lead via the first common electrode lead
and the second common electrode lead.

In some exemplary embodiments, the first capacitor elec-
trode of the first capacitor and the STV signal line have an
integral structure. However, this 1s not limited 1n the present
embodiment.

In some exemplary embodiments, the first common elec-
trode lead and the pixel electrode of the display region are
of the same layer structure. Since the surface resistance of
the thin film layer where the pixel electrode 1s located 1s
relatively large, static electricity can be led out through the
first common electrode lead by a first common electrode
lead, which 1s disposed in the same layer as the pixel
clectrode, thus preventing the STV signal line from being
destroyed by static electricity.

In some exemplary embodiments, the STV signal line
includes a first part, a second part and a switching unit
connected between the first part and the second part. The
switching unit includes a first switching electrode, a second
switching electrode and a third switching electrode. The
second switching electrode connects the first switching
clectrode and the first part, and the third switching electrode
connects the first switching electrode and the second part.
The first part and the second part are of the same layer
structure, and the second switching electrode and the third
switching electrode are of the same layer structure. The first
switching electrode 1s located on a side of the first and
second parts away from the substrate, and the second and
third switching electrodes are located on a side of the first
switching electrode away from the substrate.

In some exemplary embodiments, the second connection
clectrode and the third connection electrode are of the same
layer structure as the pixel electrode of the display region.
Since the surface resistance of the thin film layer where the
pixel electrode 1s located 1s relatively large, the first part and
the second part of the STV signal line can be switched by
using the second connection electrode and the third connec-
tion electrode disposed i1n the same layer as the pixel
clectrode, which can prevent the STV signal line from being
destroyed when a large amount of static electricity passes
through, avoiding interfering the STV signal mput to the
GOA unit.

In some exemplary embodiments, a first part of the STV
signal line 1s connected to a first capacitor electrode of the
first capacitor, and a second part of the STV signal line 1s
connected to the at least one GOA unait; or, the second part
of the STV signal line 1s connected to the first capacitor
clectrode of the first capacitor and the at least one GOA unat.
However, this 1s not limited 1n the present embodiment.
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In some exemplary embodiments, the first ESD umnit
includes a base electrode layer disposed on a substrate, a first
insulator layer covering the base electrode layer, an bonding
clectrode layer disposed on the first insulator layer, a second
insulator layer covering the bonding electrode layer, and a
connection electrode layer disposed on the second 1nsulator
layer. The basic electrode layer includes a first basic elec-
trode, a second basic electrode and a third basic electrode
which are disposed on the substrate. The bonding electrode
layer includes a first bonding electrode, a second bonding
clectrode, a third bonding electrode and a fourth bonding
clectrode which are disposed on the first insulator layer. The
connection electrode layer includes a first connection elec-
trode, a second connection electrode, a third connection
clectrode and a fourth connection electrode which are dis-
posed on the second insulator layer. The first connection
clectrode 1s connected to the first base electrode and first
bonding electrode, the second connection electrode 1s con-
nected to the second base electrode and second bonding
electrode, the third connection electrode 1s connected to the
second base electrode and the third bonding electrode, and
the fourth connection electrode 1s connected to the third base
clectrode and fourth bonding electrode; A first semiconduc-
tor region 1s disposed between the first bonding electrode
and the second bonding electrode, and a second semicon-
ductor region 1s disposed between the third bonding elec-
trode and the fourth bonding electrode. The first connection
clectrode 1s connected to the first common electrode lead or
the STV signal line, and the fourth connection electrodes of
two adjacent first ESD units are connected through ESD
connection lines. In some examples, two first ESD units may
be connected between the first common electrode lead and
the switching umt of the STV signal line, wherein the first
connection electrode of one first ESD unit 1s connected to
the first common electrode, and the fourth connection elec-
trode 1s connected to the ESD connection line; the first
connection electrode of the other first ESD unit 1s connected
to the third switching electrode of the switching unit of the
STV signal line, and the fourth connection electrode 1s
connected to the ESD connecting line. However, this 1s not
limited 1n the present embodiment. For example, one first
ESD unit or three or more first ESD units may be connected
between the first common electrode lead and the switching
unit of the STV signal line.

The display substrate according to the present embodi-
ment will be illustrated by some examples below.

FIG. 1 1s a schematic diagram of a display substrate
according to at least one embodiment of the present disclo-
sure. In an exemplary embodiment, the display substrate of
this embodiment may be an LCD array substrate. The LCD
display panel may be made by filling a liquid crystal layer
between the array substrate and the color filter substrate,
which drives the torsion of liqud crystal molecules by an
clectric field for light to transmit selectively to present
images with different gray scales. An electric field that
drives the torsion of the liquid crystal molecules 1s formed
between a pixel electrode and a common electrode. In some
embodiments, the pixel electrode may be disposed on the
array substrate, and the common electrode may be disposed
on the color filter substrate. Alternatively, the pixel electrode
and the common electrode may both be disposed on the
array substrate, for example, the pixel electrode and the
common electrode may be arranged in the same layer or 1n
different layers. However, this 1s not limited in the present
embodiment. For example, the display substrate of the
presents embodiments may be an OLED display substrate or
other types of display substrates.
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In an exemplary embodiment, as shown in FIG. 1, the
display substrate includes: a substrate including a display
region 100 and a non-display region located at the periphery
of the display region 100. The non-display region includes
a peripheral region 102 surrounding the display region 100
and a bonding region (not shown) on one a of the display
region 100. The display region 100 extends around to form
a peripheral region 102. In some examples, the display
region 100 may be rectangular (e.g., rounded rectangle), and
the peripheral region 102 may be a rectangular ring around
the display region. However, this 1s not limited 1n the present
embodiment.

In some exemplary embodiments, the display region 100
1s provided with a plurality of gate lines and a plurality of
data lines, which can cross to define a plurality of sub-pixel
regions, and at least one sub-pixel region 1s provided with a
pixel electrode and a drive circuit connected to the pixel
clectrode. The drive circuit may include at least one thin film
transistor. For example, a drain electrode of the thin film
transistor may be electrically connected to the pixel elec-
trode, a source electrode of the thin film transistor may be
clectrically connected to a data line, and a gate electrode of
the thin film transistor may be electrically connected to a
gate line. The on/ofl of the thin film transistor 1s controlled
by a scanning signal transmitted by the gate line, and a pixel
voltage transmitted by the data line 1s output to the pixel
clectrode through the drive circuat.

In some exemplary embodiments, on a plane perpendicu-
lar to the display substrate, the display region 100 may
include a substrate, a first conductive layer disposed on the
substrate, a {irst insulator layer covering the first conductive
layer, a semiconductor layer and a second conductive layer
disposed on the first insulator layer, a second 1nsulator layer
covering the semiconductor layer and the second conductive
layer, and a third conductive layer disposed on the second
insulator layer. The first conductive layer at least includes a
gate electrode of the thin film transistor of the drive circuit.

The semiconductor layer at least includes the active layer of
the thin film transistor of the drive circuit. The second
conductive layer at least includes the source-drain electrode
of the thin film transistor of the drnive circuit. The third
conductive layer at least includes a pixel electrode; or, a
pixel electrode and a common electrode; or, a common
clectrode. In some examples, the display region further
includes a third msulator layer covering the third conductive
layer and a fourth conductive layer disposed on the third
insulator layer. The third conductive layer may include a
pixel electrode and the fourth conductive layer may include
a common electrode; or, the third conductive layer may
include a common electrode and the fourth conductive layer
may 1nclude a pixel electrode. However, this 1s not limited
in the present embodiment.

In some exemplary embodiments, the peripheral region
102 1s further provided with a GOA circuit. The GOA circuit
may be disposed 1n peripheral regions 102 on opposite sides
of the display region 100. The GOA circuit may supply
scanning signals to the gate lines 1n the display region 100.
The bonding region may be provided with devices such as
a source drive circuit and a drive control chip. The source
drive circuit may supply pixel voltages to the data lines of
the display region. The drive control chip may supply
control signals to the source drive circuit and the gate drive
circuit. However, this 1s not limited in the present embodi-
ment.

FIG. 2 1s an enlarged schematic diagram of the region S1
in FIG. 1. FIG. 2 only shows a partial schematic diagram of
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the peripheral region, and omits the display region. FIG. 3
1s a schematic sectional view along a II-1I direction in FIG.
2.

In some exemplary embodiments, as shown in FIG. 2, the
GOA circuit includes a plurality of GOA umits and STV

signal lines 21. The STV signal line 21 may be connected to
at least one GOA unit. For example, one STV signal line
may supply turn-on signals for a plurality of GOA units, or
two STV signal lines may supply turn-on signals for two
adjacent GOA units respectively.

In some exemplary embodiments, as shown in FIG. 2, the
peripheral region 1s further provided with a first common
electrode lead 22, a second common electrode lead 23, a
ground lead 24, a signal transmaission line group 25, and a
first capacitor. The first common electrode lead 22 and the
second common electrode lead 23 are arranged 1n different
layers, and the first common electrode lead 22 1s connected
to the second common electrode lead 23. The projection of
the first common electrode lead 22 on the substrate overlaps
with the projection of the second common electrode lead 23
on the substrate. An align mark 1s disposed between the
signal transmission line group 25 and the STV signal line 21,
and the align mark 1s, for example, cross-shaped. The
ground lead 24 1s located on a side of the second common
clectrode lead 23 away from the display region, and the
second common electrode lead 23 1s located on a side of the
STV signal line 21 away from the display region. The signal
transmission line group 25 i1s located between the second
common electrode lead 23 and the STV signal line 21. The
ground lead 24, the second common electrode lead 23, the
signal transmission line group 25, the STV signal line 21 and
the align mark are of the same layer structure. In some
examples, the signal transmission line group 23 may 1nclude
signal lines that supply different signals to the GOA units,
which may at least include, for example, a high potential
power line (VDD), a low potential power line (e.g., VSS,
LVSS), a clock signal line (CLK), and the like. However,
this 1s not limited 1n the present embodiment.

In some exemplary embodiments, as shown 1n FIGS. 2
and 3, the second capacitor electrode 262 of the first
capacitor 1s connected to the first common electrode lead 22,
and the first capacitor electrode 261 of the first capacitor 1s
connected to the STV signal line 21. Projections of the first
capacitor electrode 261 and the second capacitor electrode
262 on the substrate overlap. For example, the first capacitor
clectrode 261 and the STV signal line 21 have an integral
structure, and the second capacitor electrode 262 and the
first common electrode 22 have an integral structure. As
shown 1 FIG. 3, a first msulator layer 201 and a second
insulator layer 202 are provided between the first capacitor
clectrode 261 and the second capacitor electrode 262. The
second capacitor electrode 262 and the third conductive
layer 1n the display region are of the same layer structure,
and the first capacitor electrode 261 and the first conductive
layer 1n the display region are of the same layer structure. In
this exemplary embodiment, the surface resistance of the
third conductive layer 1s large, and it 1s not easy for the static
clectricity to destroy the third conductive layer. When a large
amount of charges are accumulated on the STV signal line,
the charges will not be directly released to the GOA unit,,
causing e¢lectro-static penetration to the GOA unit. Instead,
a large amount of charges will be guided by the first
capacitor, and the static electricity will be led out to the first
common e¢lectrode lead, thus reducing the risk of static
clectricity destroying the STV signal line, improving the
product yield of the GOA circuit.
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In some exemplary embodiments, as shown in FIG. 2, the
second capacitor electrode 262 of the first capacitor 1s
S-shaped. The S-shaped first capacitor electrode 1n this
exemplary embodiment can increase the relative area
between the first capacitor electrode and the second capaci-
tor electrode, thereby increasing the capacitance of the first
capacitor to more elflectively discharge the accumulated
charge on the STV signal line. However, this 1s not limited
in the present embodiment. For example, the second capaci-
tor electrode of the first capacitor may be rectangular.

In some exemplary embodiments, as shown 1n FIG. 2, the
STV signal line includes a first part, a second part and a
switching unit 210 connected between the first part and the
second part. The first part 1s connected to the first capacitor,
and the second part 1s connected to at least one GOA unat.
FIG. 4 1s an enlarged schematic diagram of a switching unit
in FIG. 2. FIG. 5 15 a schematic sectional view along a Q-
[-II direction 1n FIG. 4. As shown 1n FIGS. 4 and 5, the
switching unit 210 includes a first switching electrode 213,
a second switching electrode 214 and a third switching
clectrode 213. The second switching electrode 214 connects
the first switching electrode 213 and the first part 211, and
the third switching electrode 215 connects the first SWltchmg
clectrode 213 and the second part 212. The first part 211 and
the second part 212 are of the same layer structure, and the
second switching electrode 214 and the third switching
clectrode 215 are of the same layer structure. The first
switching electrode 213 1s located on a side of the first part
211 and the second part 212 away from the substrate, and the
second switching electrode 214 and the third switching
clectrode 215 are located on a side of the first switching
clectrode 213 away from the substrate. For example, the first
part 211 and the second part 212 are of the same layer
structure as the first conductive layer 1n the display region,
the first switching electrode 213 1s of the same layer struc-
ture as the second conductive layer 1in the display region, and
the second switching electrode 214 and the third switching
clectrode 2135 are of the same layer structure as the third
conductive layer in the display region. In this exemplary
embodiment, because the surface resistance of the third
conductive layer 1s large, the first part and the second part
are bridged by the second switching electrode and the third
switching electrode, which can increase the resistance and
prevent the STV signal line from being destroyed when a
large amount of static electricity passes through.

In some exemplary embodiments, as shown 1n FIG. 2, at
least one first ESD unit 1s disposed between the signal
transmission line group 25 and the STV signal line 21. The
first common e¢lectrode lead 22 may be connected to the
switching unit of the STV signal line 21 through at least one
first ESD umt. However, this 1s not limited in the present
embodiment.

FIG. 6 1s a schematic diagram of a plurality of first ESD
units according to at least one embodiment of the present
disclosure. FIG. 7 1s a schematic diagram of a first ESD unait
in FIG. 6. FIG. 8 1s a schematic sectional view along an
III-1IT direction 1n FIG. 7.

In some exemplary embodiments, as shown in FIGS. 2
and 6, a plurality of interconnected first ESD units are
disposed between the signal transmission line group 25 and
the STV signal line 21. The plurality of interconnected first
ESD units may form an ESD ring. Only four first ESD units
are 1llustrated 1n FI1G. 6. In some examples, as shown 1n FIG.
6, along a direction away from the display region, the first
ESD unit may be connected to the third switching electrode
215 of the switching umit of the STV signal line, the last first
ESD unit may be connected to the first common electrode




US 12,113,060 B2

11

lead 22, the plurality of first ESD units 1n the middle may be
connected to a plurality of signal transmission lines 1n the
signal transmission line group 1n an one-to-one correspon-
dence, and the adjacent first ESD units may be connected
through ESD connection lines 270 to provide static dis-
charge paths for a plurality of signal transmission lines, first
common ¢lectrode leads and STV signal lines.

In some exemplary embodiments, as shown in FIGS. 7
and 8, the first ESD unit includes a base electrode layer
disposed on a substrate, a first insulator layer 201 covering
the base electrode layer, an bonding electrode layer disposed
on the first insulator layer 201, a second insulator layer 202
covering the bonding electrode layer, and a connection
clectrode layer disposed on the second insulator layer 202.
The basic electrode layer includes a first basic electrode 271,
a second basic electrode 272 and a third basic electrode 273
which are disposed on the substrate. The bonding electrode
layer includes a first bonding electrode 281, a second
bonding electrode 282, a third bonding electrode 283 and a
tourth bonding electrode 284 which are disposed on the first
insulator layer 201. The connection electrode layer includes
a first connection electrode 285, a second connection elec-
trode 286, a third connection electrode and 287 a fourth
connection electrode 288 which are disposed on the second
insulator layer 202. The first connection electrode 283 1is
connected to the first base electrode 271 and first bonding
electrode 281, the second connection electrode 286 1s con-
nected to the second base electrode 272 and second bonding
electrode 282, the third connection electrode 287 1s con-
nected to the second base electrode 272 and the third
bonding electrode 283, and the fourth connection electrode
288 1s connected to the third base electrode 273 and fourth
bonding electrode 284. A first semiconductor region 291 1s
disposed between the first bonding electrode 281 and the
second bonding electrode 282, and a second semiconductor
region 292 1s disposed between the third bonding electrode
283 and the {fourth bonding electrode 284. In some
examples, the basic electrode layer and the first conductive
layer 1n the display region are 1n the same layer structure, the
bonding electrode layer and the second conductive layer in
the display region are 1n the same layer structure, and the
first and second semiconductor regions and the semiconduc-
tor layers 1n the display region are in the same layer
structure.

In some examples, as shown i FIG. 7, the first base
clectrode 271 and the third base electrode 273 are located on
the same side of the second base electrode 272. The {irst base
clectrode 271 and the third base electrode 273 are rectan-
gular, and both terminals of the second base electrode 272
extend toward the first base electrode 271 and the third base
clectrode 273. The first bonding electrode 281 and the
second bonding electrode 282 straddle the first base elec-
trode 271 and second base electrode 272, and the third
bonding electrode 283 and the fourth bonding electrode 284
straddle the second base electrode 272 and third base
clectrodes and 273. The second bonding electrode 282 and
the third bonding electrode 283 are both L-shaped composed
of a rectangular part and a strip-shaped part. The first
bonding electrode 281 and the fourth bonding electrode 284
are each hook-shaped composed of a strip-shaped portion
and a rectangular portion with a notch. The first semicon-
ductor region 291 1s located between the notched rectangular
part of the first bonding electrode 281 and the strip-shaped
part of the second bonding electrode 282, and the other first
semiconductor region 291 1s located between the strip-
shaped part of the first bonding electrode 281 and the

rectangular part of the second bonding electrode 282. The
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second semiconductor region 292 1s located between the
rectangular part of the third bonding electrode 283 and the
strip part of the fourth bonding electrode 284, and the other
second semiconductor region 292 1s located between the
strip part of the third bonding electrode 283 and the notched
rectangular part of the fourth bonding electrode 284. How-
ever, the shapes and arrangement positions of the above
clectrodes are not limited in the present embodiments.

In some exemplary embodiments, the third switching
clectrode 215 of the switching unit of the STV signal line
connected to the first ESD unit shown 1n FIG. 7 1s taken as
an example. The first connection electrode 285 of the first
ESD unit 1s connected to the third switching electrode 215,
and the fourth connection electrode 288 1s connected to the
ESD connection line 270. When the STV signal line gen-
erates electric charge, the electric charge will be transferred
from the third switching electrode 215 of the switching unit
of the STV signal line to the first base electrode 271 and the
first bonding electrode 281 through the first connection
clectrode 285. Since the first bonding electrode 281 and the
first base electrode 271 are both connected through the first
connection electrode 283, the electric charge will accumu-
late on the first bonding electrode 281 and the first base
clectrode 271, eflectively improving the dispersion degree
ol accumulated static electricity. Since the structures of the
first bonding electrode 281, the first semiconductor region
291 and the second bonding electrode 282 are similar to the
semiconductor discharge tube with overvoltage protection,
when the charges on the first bonding electrode 281 are
accumulated to a certain extent, static electricity may be
released and eflectively eliminated by penetrating the first
semiconductor region 291 between the first bonding elec-
trode 281 and the second bonding electrode 283. After the
first bonding electrode 281 and the second bonding electrode
282 complete static discharge, the third bonding electrode
283 and the fourth bonding electrode 284 may play their role
in eliminating static electricity.

FIG. 9 1s an schematic diagram of the structure of region
S2 1 FIG. 1. FIG. 9 only shows a partial schematic diagram
of the peripheral region. FIGS. 9 and 2 may be partial
schematic diagrams of different regions of different display
substrates, or may be partial schematic diagrams of different
regions of the same display substrate, which 1s not limited in
the present embodiment.

In some exemplary embodiments, as shown 1n FIG. 9, the
ground lead 24 and the second common electrode lead 23 are
connected by a second ESD unit. A structure of the second
ESD unit may be the same as or similar to that of the first
ESD unit. The first connection electrode of the second ESD
unit may be connected to the second common electrode lead
23, and the fourth connection electrode may be connected to
the ground lead 24. In this example, static electricity on the
STV signal line 21 may be conducted to the ground lead 24
through the first capacitor, the first common electrode lead
22, the second common electrode lead 23 and the second
ESD umit, thereby reducing the risk of static electricity
destroying the STV signal line. However, this 1s not limited
in the present embodiment.

In some exemplary embodiments, the STV signal line 21
includes a first part, a second part, and a switching unit 210
connected between the first part and the second part. A
second part of the STV signal line 21 1s connected to the first
capacitor and at least one GOA unat.

Other structures 1n FIG. 9 may be referred to the descrip-
tions of the structures shown in FIG. 2 and will not be further
illustrated here.
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The technical solution of the present embodiment 1s
turther 1illustrated below by an example of a process for
preparing a display substrate of the present embodiment.
The “patterning process” mentioned in the present embodi-
ment includes processes, such as thin film layer deposition,
photoresist coating, mask exposure, development, etching,
and photoresist stripping. The deposition may be selected as
any one or more of sputtering, evaporation and chemical
vapor deposition, the coating may be selected as any one or
more of spraying and spin coating, and etching may be
selected as any one or more of dry etching and wet etching.
A “thin film” refers to a layer of thin film manufactured by
deposition or coating of a certain material on a substrate
base. IT a patterning process or a photolithography process
1s not needed for the “thin film™ during the whole manufac-
turing process, the “thin film” may also be referred to as a
“layer”. If a patterning process or a photolithography pro-
cess 15 needed for the “thin film™ during the whole manu-
facturing process, it 1s referred to as a “thin film” before the
patterning process and referred to as a “layer” after the
patterning process. The “layer” after the patterning process
or photolithography process includes at least one “pattern”.

In the present disclosure, “A and B are arranged on the
same layer” means that a and b are formed at the same time
by the same patterning process. “Same layer” does not
always mean that the thickness of the layer or the height of
the layer are the same in the cross-sectional view. “An
orthographic projection of A contains an orthographic pro-
jection ol B” means that the orthographic projection of B
talls within the scope of the orthographic projection of A, or
the orthographic projection of A covers the orthographic
projection of B.

In some exemplary embodiments, the manufacturing pro-
cess of the display substrate may include the following acts.

(1) A substrate 1s provided, and a pattern of a {irst
conductive layer pattern 1s formed on the substrate.

In some exemplary embodiments, a first metal thin film 1s
deposited on the substrate, and the first metal thin film 1s
patterned through a patterming process to form a pattern of
a first conductive layer. As shown 1n FIGS. 2 and 9, the
pattern of the first conductive layer pattern at least includes
a gate electrode of a thin film transistor of a drive circuit 1n
a display region, a gate electrode of a transistor of a GOA
unit 1n a peripheral region, a first part and a second part of
an STV signal line 21, a ground lead 24, second common
clectrode lead 23, a signal transmission line group 25, a {irst
capacitor electrode 26 of the first capacitor, and base elec-
trode layers of a first ESD unit and a second ESD unit. The
first capacitor electrode 261 of the first capacitor and the
STV signal line 21 may have an integral structure.

(2) A pattern of a second conductive layer 1s formed on the
substrate on which the aforementioned pattern 1s formed.

In some exemplary embodiments, a first insulator thin
film and a semiconductor thin film are sequentially depos-
ited on the substrate on which the aforementioned pattern 1s
formed, and the semiconductor thin film 1s patterned through
a patterning process to form a first isulator layer and a
pattern of the semiconductor thin film disposed on the first
insulator layer. Then a second metal thin film 1s deposited,
and the second metal thin film 1s patterned through a
patterning process to form a pattern of a second conductive
layer. As shown 1n FIG. 6, the pattern of the semiconductor
layer at least includes: the active layer of the thin film
transistor of the drive circuit 1n the display region, and the
first semiconductor region 291 and the second semiconduc-
tor region 292 of the first and second ESD units in the
peripheral region. As shown in FIG. 4 and FIG. 6, the pattern
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of the second conductive layer at least includes a source-
drain electrode of the thin film transistor of the drive circuit
in the display region, a first switching electrode 213 of the
switching unmit 210 of the STV signal line 21 in the periph-
eral region, and a bonding electrode layers of the first ESD
unit and the second ESD unit.

(3) A pattern of a second 1nsulator layer provided with via
1s formed on the substrate on which the aforementioned
patterns are formed.

In some exemplary embodiments, a second insulator thin
film 1s deposited on the substrate on which the aforemen-
tioned patterns are formed, and the second 1nsulator thin film
1s patterned through a patterming process to form a pattern of
a second 1nsulator layer provided with a plurality of vias. As
shown 1n FIG. 4 and FIG. 7, the plurality of vias include, for
example, a via exposing the surface of the drain electrode 1n
the display region, a via exposing the surface of the first
switching electrode 213 in the peripheral region, a via
exposing the first and second parts of the STV signal line 21
in the peripheral region, a via exposing part of the electrode
surfaces ol the bonding electrode layers of the first and
second ESD units, and a via exposing part of the electrode
surfaces of the base electrode layers of the first and second
ESD units. However, this 1s not limited in the present
embodiment.

(4) A pattern of a third conductive layer 1s formed on the
substrate on which the aforementioned pattern 1s formed.

In some exemplary embodiments, a transparent conduc-
tive thin film 1s deposited on the substrate on which the
alorementioned patterns are formed, and the transparent
conductive thin film 1s patterned through a patterning pro-
cess to form a pattern of a third conductive layer. As shown
in FIG. 2, FIG. 4, FIG. 6 and FIG. 9, the pattern of the third
conductive layer at least includes a pixel electrode 1n the
display region, a second switching electrode and a third
switching electrode 214 and 215 of a switching unit 210 of
the STV signal line 21 in the peripheral region, second
common electrode lead 22, a second capacitor electrode 262
of the first capacitor, and a connection electrode layer of the
first ESD unit and the second ESD unit. The second capaci-
tor electrode 262 of the first capacitor and the second
common electrode lead 22 may have an integral structure.
The second common electrode lead 23 1s connected to the
first common electrode lead 22. The first common electrode
lead 22 1s connected to the ground lead 24 through the
second ESD unit. The second common electrode lead 22 1s
connected to the STV signal line 21 through at least one first
ESD unit.

In some exemplary embodiments, the substrate 200 may
adopt a glass substrate, a quartz substrate, a plastic substrate,
or a flexible substrate. The first metal thin film and the
second metal thin film may adopt metals such as any one or
more of silver (Ag), copper (Cu), aluminum (Al), titantum
(T1) and molybdenum (Mo), or alloy of the above metals,
such as aluminum neodymium alloy (AINd) or molybdenum
niobium alloy (MoNb) and the films can be of single-layered
structure or multi-layered composite structure, for example
T1/Al/T1 etc. The active layer thin film 1s made of one or
more of amorphous mdium gallium zinc oxide (a-1GZ0),
zinc oxynitride (ZnON), indium zinc tin oxide (IZTO),
amorphous silicon (a-S1), polycrystalline silicon (p-Si1),
hexathiophene, polythiophene, etc. The transparent conduc-
tive thin film may be made of mdium tin oxide (ITO) or
indium zinc oxide (IZ0) and the like. The first insulator thin
film and the second insulator thin film may be made of
silicon oxide (S10x), silicon nitride (SiNx), silicon oxyni-
tride (S10ON), etc., or aluminum oxide (AlOx), hatnium
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oxide (H1Ox), tantalum oxide (TaOx), etc., and may be a
single layer, a plurality of layers, or a composite layer.
Generally, the first insulator layer 201 1s referred to as a gate
insulator (GI) layer, and the second insulator layer 202 is
referred to as a passivation (PVX) layer.

The description of the structure and manufacturing pro-
cess of the display substrate according to the present
embodiments 1s merely illustrative. In some exemplary
embodiment, according to actual needs, corresponding
structures may be changed and patterning processes may be
added or reduced. For example, a third insulator layer and a
tourth conductive layer may be formed on a side of the third
conductive layer away from the substrate, and the first
common e¢lectrode lead may are of the same layer structure
as the fourth conductive layer. However, this 1s not limited
in the present embodiment.

In the display substrate provided in this exemplary
embodiment, a first capacitor connecting the STV signal line
and the first common electrode lead 1s provided to guide a
large amount of charges accumulated in the STV signal line.
Moreover, the STV signal line 1s connected to the GOA unait
alter passing through the switching unit, which can prevent
a large amount of static electricity from entering the GOA
unit. Furthermore, the STV signal line and the first common
clectrode lead are both connected to the first ESD unit to
achieve electro-static discharge. And the second common
clectrode lead 1s connected to the ground lead through the
second ESD unit to achieve electro-static discharge. In this
embodiment, by providing various electro-static discharge
paths, a large amount of static electricity can be prevented
from destroying STV signal lines.

The preparation process of the display substrate of this
exemplary embodiment 1s achieved by using the existing
mature preparation equipment, which may be well compat-
ible with the existing preparation process, and has advan-
tages of simple process realization, easy implementation,
high production efliciency, low production cost and high
yield rate.

At least one embodiment of the present disclosure also
provides a method for preparing a display substrate, which
includes forming a GOA circuit, a first common electrode
lead, a first capacitor and at least one ESD unit in the
peripheral region of the substrate. The GOA circuit includes
a plurality of GOA units and STV signal lines electrically
connected to at least one GOA umit. The first common
clectrode lead 1s connected to the STV signal line through at
least one first ESD unit. A first capacitor electrode of the first
capacitor 1s connected to the STV signal line, and a second
capacitor electrode of the first capacitor 1s connected to the
first common electrode lead.

In some exemplary embodiments, forming of a GOA
circuit, a first common electrode lead, a first capacitor and at
least one ESD unit in a peripheral region of a substrate
includes: forming a first insulator layer in the peripheral
region of the substrate; sequentially forming a first insulator
layer, a semiconductor layer and a second conductive layer
on a side of the first conductive layer away from the
substrate; sequentially forming a second insulator layer and
a third conductive layer on a side of the second conductive
layer away from the substrate. The first conductive layer at
least includes an STV signal line, a first capacitor electrode
of a first capacitor, a gate electrode of a transistor of a GOA
circuit, and a base electrode layer of a first ESD unit. A basic
clectrode layer at least includes a first basic electrode, a
second basic electrode and a third basic electrode. A semi-
conductor layer at least includes an active layer of a tran-
sistor of a GOA circuit, a first semiconductor region and a
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second semiconductor region of a first ESD unit. A second
conductive layer at least includes: a source-drain electrode
of the transistors of the GIA circuit, and a bonding electrode
layer of the first ESD unit. A connection electrode layer at
least 1includes a first bonding electrode, a second bonding
clectrode, a third bonding electrode and a fourth bonding
clectrode. A third conductive layer at least includes a first
common electrode lead, a second capacitor electrode of a
first capacitor and a connection electrode layer of a first ESD
unit. A connection electrode layer at least includes a first
connection electrode, a second connection electrode, a third
connection electrode and a fourth connection electrode. The
first connection electrode 1s connected to the first base
clectrode and first bonding electrode, the second connection
clectrode 1s connected to the second base electrode and
second bonding electrode, the third connection electrode 1s
connected to the second base electrode and the third bonding
electrode, and the fourth connection electrode 1s connected
to the third base electrode and fourth bonding electrode. A
first semiconductor region 1s disposed between the first
bonding electrode and the second bonding electrode, and a
second semiconductor region 1s disposed between the third
bonding electrode and the fourth bonding electrode.

The preparation process of the aforementioned display
substrate has been described in detaill in the previous
embodiments and will not be repeated here.

FIG. 10 1s a schematic diagram of a display apparatus
according to at least one embodiment of the present disclo-
sure. As shown in FIG. 10, this embodiment provides a
display apparatus 91, which includes a display substrate 910.
The display substrate 910 1s the display substrate provided
in the previous embodiments. For example, the display
apparatus may include an LCD display panel, which may
include an array substrate and a color filter substrate which
are oppositely disposed, and a liquid crystal layer filled
between the array substrate and the color filter substrate. The
array substrate may be the display substrate provided in the
above embodiments. In some examples, the LCD display
panel according to the embodiment may be a Fringe Field
Switching (FFS) type or an Advanced-Super Dimension
Switching (AD-SDS) type LCD display panel, in which the
pixel electrode and the common electrode are both disposed
on the array substrate in different layers. Or, 1n some
examples, the LCD display panel according to the embodi-
ment may be an In-Plane Switching (IPS) LCD display
panel, 1n which the pixel electrodes and the common elec-
trodes are both disposed on the array substrate and on the
same layer. Or, in some examples, the LCD display panel
according to the embodiment may be a Twisted Nematic
(TN) type LCD display panel, in which the pixel electrodes
are disposed on the array substrate and the common elec-
trodes are disposed on the color filter substrate. However,
this 1s not limited 1n the present embodiment.

In some examples, the display apparatus 91 may be any
product or component with a display function such as an
LCD display panel, a mobile phone, a tablet computer, a
television, a display, a notebook computer, a digital photo
frame, a navigator, etc. However, this 1s not limited 1n the
present embodiment.

The drawings in the present disclosure only refer to the
structures mmvolved 1n the present disclosure, and common
designs may be referred to for other structures. The embodi-
ments of the present disclosure and the features in the
embodiments may be combined with each other to obtain a
new embodiment 1f there 1s no conflict.

Those of ordinary skills in the art should understand that
modifications or equivalent substitutions may be made to the
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technical solutions of the present disclosure without depart-
ing from the essence and scope of the technical solutions of
the present disclosure, all of which should be included
within the scope of the claims of the present disclosure.

What 1s claimed 1s:

1. A display substrate, comprising: a substrate, wherein

the substrate comprises a display region and a peripheral
region located at the periphery of the display region;
wherein

the peripheral region 1s provided with a gate dniver on
array circuit, a first common e¢lectrode lead, a first
capacitor and at least one first electro-static discharge
unit;

the gate driver on array circuit comprises a plurality of
gate driver on array units and STV signal lines elec-
trically connected to at least one gate driver on array
unit;

the first common electrode lead 1s connected to the STV
signal line through the at least one first electro-static
discharge unit; and

a first capacitor electrode of the first capacitor 1s con-
nected to the STV signal line, and a second capacitor
clectrode of the first capacitor 1s connected to the first
common electrode lead,

wherein the first electro-static discharge unit comprises a
base electrode layer disposed on a substrate, a first
insulator layer covering the base electrode layer, an
bonding electrode layer disposed on the first insulator
layer, a second insulator layer covering the bonding
clectrode layer, and a connection electrode layer dis-
posed on the second insulator layer;

the basic electrode layer comprises a first basic electrode,
a second basic electrode and a third basic electrode
which are disposed on the substrate;

the bonding electrode layer comprises a first bonding
clectrode, a second bonding electrode, a third bonding
clectrode and a fourth bonding electrode which are
disposed on the first msulator layer;

the connection electrode layer comprises a first connec-
tion electrode, a second connection electrode, a third
connection electrode and a fourth connection electrode
which are disposed on the second msulator layer;

the first connection electrode 1s connected to the first base
clectrode and first bonding electrode, the second con-
nection electrode 1s connected to the second base
clectrode and second bonding electrode, the third con-
nection electrode 1s connected to the second base
clectrode and the third bonding electrode, and the
fourth connection electrode 1s connected to the third
base electrode and fourth bonding electrode;

a first semiconductor region 1s disposed between the first
bonding electrode and the second bonding electrode,
and a second semiconductor region 1s disposed between
the third bonding electrode and the fourth bonding
electrode; and

the first connection electrode 1s connected to the first
common ¢lectrode lead or the STV signal line, and the
fourth connection electrodes of two adjacent first elec-
tro-static discharge units are connected through electro-
static discharge connection lines.

2. The display substrate according to claim 1, wherein

the peripheral region i1s further provided with a second
common electrode lead,

the second common electrode lead 1s 1n the same layer
structure as the STV signal line,
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the first common electrode lead 1s located on a side of the
second common e¢lectrode lead away from the sub-
strate, and

the first common electrode lead 1s electrically connected
to the second common electrode lead.

3. The display substrate according to claim 2, wherein
the peripheral region i1s further provided with a ground
lead and a second electro-static discharge unit, and
the second common electrode lead 1s connected to the

ground lead through the second electro-static discharge
unit.

4. The display substrate according to claim 1, wherein the
first capacitor electrode of the first capacitor and the STV
signal line have an integral structure.

5. The display substrate according to claim 1, wherein the
second capacitor electrode of the first capacitor 1s S-shaped.

6. The display substrate according to claim 1, wherein the
first common e¢lectrode lead and a pixel electrode of the
display region are of the same layer structure.

7. The display substrate according to claim 1, wherein

the STV signal line comprises a first part, a second part

and a switching unit connected between the first part
and the second part;

the switching unit comprises a first switching electrode, a

second switching electrode and a third switching elec-
trode;

the second switching electrode connects the first switch-

ing electrode and the first part, and the third switching
clectrode connects the first switching electrode and the
second part; and

the first part and the second part are of the same layer

structure, the second switching electrode and the third
switching electrode are of the same layer structure, the
first switching electrode 1s located on a side of the first
and second parts away Ifrom the substrate, and the
second and third switching electrodes are located on a
side of the first switching electrode away from the
substrate.

8. The display substrate according to claim 7, wherein the
second switching electrode and the third switching electrode
are of the same layer structure as a pixel electrode of the
display region.

9. The display substrate according to claim 7, wherein a
first part of the STV signal line 1s connected to a first
capacitor electrode of the first capacitor, and a second part
of the STV signal line 1s connected to the at least one gate
driver on array unit; or, the second part of the STV signal
line 1s connected to the first capacitor electrode of the first
capacitor and the at least one gate driver on array unit.

10. A display apparatus, comprising the display substrate
according to claim 1.

11. A method for preparing a display substrate, compris-
ng:

forming a gate driver on array circuit, a first common

clectrode lead, a first capacitor and at least one first

clectro-static discharge unit 1n the peripheral region of

the substrate; wherein

the gate driver on array circuit comprises a plurality of
gate driver on array units and STV signal lines
clectrically connected to at least one gate driver on
array unit;

the first common electrode lead 1s connected to the
STV signal line through the at least one first electro-
static discharge unit; and

a first capacitor electrode of the first capacitor 1is
connected to the STV signal line, and a second
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capacitor electrode of the first capacitor 1s connected
to the first common electrode lead,

wherein the forming of the gate driver on array circuit, the

first common electrode lead, the first capacitor and at
least one electro-static discharge unit in the peripheral
region ol the substrate comprises:

forming a first conductive layer in the peripheral region of

the substrate, wherein the first conductive layer at least

comprises an STV signal line, a first capacitor electrode
ol a first capacitor, a gate electrode of a transistor of an
gate driver on array circuit, and a basic electrode layer
of a first electro-static discharge unit; the base electrode
layer at least comprises a {irst base electrode, a second
base electrode and a third base electrode;

sequentially forming a first insulator layer, a semiconduc-

tor layer and a second conductive layer on a side of the
first conductive layer away from the substrate, wherein
the semiconductor layer at least comprises an active
layer of a transistor of an gate driver on array circuit,
a first semiconductor region and a second semiconduc-
tor region of a first electro-static discharge unit; the
second conductive layer at least comprises: a source-
drain electrode of the transistors of the gate driver on
array circuit, and a bonding electrode layer of the first
clectro-static discharge unit; the connection electrode
layer at least comprises a first bonding electrode, a
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second bonding electrode, a third bonding electrode
and a fourth bonding electrode; and

sequentially forming a second 1nsulator layer and a third

conductive layer on a side of the second conductive
layer away from the substrate, wherein the third con-
ductive layer at least comprises a first common elec-
trode lead, a second capacitor electrode of a first
capacitor and a connection electrode layer of a first
clectro-static discharge unit; the connection electrode
layer at least comprises a first connection electrode, a
second connection electrode, a third connection elec-
trode and a fourth connection electrode; wherein

the first connection electrode 1s connected to the first base

clectrode and first bonding electrode, the second con-
nection electrode 1s connected to the second base
clectrode and second bonding electrode, the third con-
nection electrode 1s connected to the second base
clectrode and the third bonding electrode, and the
fourth connection electrode 1s connected to the third
base electrode and fourth bonding electrode; a first
semiconductor region 1s disposed between the first
bonding electrode and the second bonding electrode,
and a second semiconductor region 1s disposed between
the third bonding electrode and the fourth bonding
clectrode.
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